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Optimization of UPLC-MS conditions
The LC conditions and MS conditions were optimized. LC conditions including the mobile phase system (methanol/water, acetonitrile/water, acetonitrile/0.1% formic acid in water), column temperature (30°C, 40°C), flow rate (0.2 mL/min, 0.3 mL/min, 0.4 mL/min) and injection volume (2 μL, 3 μL, 5 μL) were examined in the gradient program. The LC conditions were optimized as described in Section 2.3, and the chromatographic peaks were well separated. MS conditions, including ionization mode, capillary voltage, cone voltage, source temperature, desolvation gas temperature and collision energy were optimized. The results showed that the alkaloids had a higher response in the positive ion mode than the negative ion mode.
The major alkaloids in yanhusuo were well detected. Meanwhile, in order to obtain abundant fragmentation ion information, the collision energy of the 10-40 V ramp trap collision was selected. 
Alkaloid fragmentation pattern analysis and characteristic ion determination
The possible fragmentation pathway of tetrahydroberberine
Fragmentation patterns and characteristic ions of protoberberine alkaloids
The C-ring structure of Protoberberine-type alkaloid was not saturated, so it was difficult for the alkaloid to experience RDA cleavage. The principal cleavage was of the substituents 4, 5 . In this study, according to references of palmatine, berberine and dehydrocorydaline and related literature, the possible fragmentation pathways were summarized to obtain characteristic ions. The abundant fragment ion information of palmatine, dehydrocorydaline and berberine are shown in Fig. S5 . Summarizing the fragmentation pathway of palmatine (Fig. S6) When the substituent contained a methylenedioxyl group, the characteristic fragment ion exhibited [M -CO] + . These characteristic fragment ions were used to rapidly identify the protoberberine-type alkaloid compounds. 
Fragmentation patterns and characteristic ions of protopine alkaloids
The skeleton and substituents of protonine-type alkaloids were similar to the tetrahydroprotoberberine-type alkaloids. Therefore, the two types of alkaloids were also similar to the fragmentation pathway, which both easily undergo RDA cleavage to produce complementary fragment ions 1, 2 . However, there were some differences between protopine-type alkaloids and tetrahydroprotoberberine-type alkaloids in the structure. Specifically, protopine-type alkaloids were linked to oxygen to form a carbonyl group at the C14 position. The abundant fragment ion information of protopine and allocryptopine is shown in Fig. S9 . Summarizing the fragmentation pathways of protopine ( 
Fragmentation patterns and characteristic ions of aporphine alkaloids
There were considerable differences in the structural framework and fragmentation pathway between the aporphine-type alkaloids and the other alkaloids. Owing to the lack of the corresponding reference substance, the cleavage path was summed up by the related literature to determine the characteristic fragment ions. A weak bond existed in the amide group, so aporphine-type alkaloids very easily lost (CH 3 ) 2 NH or 
Other compounds
In addition to the above four types of alkaloids, 22 other alkaloids were tentatively identified based on the accurate mass and MS/MSE data, previous reports 1, 2, 6, 7 and online databases. The mass error of the quasi-molecular ions of these 22 compounds was lower than 10 ppm. Detailed identification of the other alkaloids was given in Table S5 . 
